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(54) Title: OZONE GENERATING APPARATUS 



(57) Abstract 

The present invention provides ozone generating apparatus for 
use in air conditioning systems for sterilizing the recirculated air. The 
apparatus can also be used in food preservation and other areas where 
bacteria and other micro-organisms need to be controlled. The appara- 
tus comprises a lamp (10, 20, 40, 50, 60) consisting of a tube (U, 21, 41, 
51, 61) which has an internal conductor (15) surrounded by a layer of 
dielectric materiaL Surrounding the dielectric material is a layer of me- 
tal mesh material or a printed grid of similar conductive pattern. The 
internal conductor is applied with a high voltage power supply, and the 
high voltage breaks through the dielectric material in corona discharge 
to the outer metal mesh. Oxygen which comes into contact with the cor- 
ona discharge (electric field) is ionised forming ozone (03) which is 
used to disinfect infected areas. 
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OZONE GENERATING APPARATUS 



The present invention relates to air conditioning systems, and in 
particular, to ozone generators for the disinfection of air in ail- 
conditioning systems. 

BACKGROUND ART 



into the building remain substantially trapped within the confines of 
the building. Bacteria and other micro-organisms are found on the 
internal wails of air conditioning ducting, vents and filters. 
Although air conditioning filters may be cleaned regularly, the 
internal walls of the air ducts are never cleaned. Under the right 
conditions an outbreak of disease may occur from the spread of tiie 
infective agents throughout the air conditioned building. 

It has been found that ozone in air destroys micro-organisms by the 

process of oxidation- Ozone is thought to be particularly effective in 

the disinfection of ducts, vents and filters of air conditioning 

systems if ozone generators are installed in the ducting. 

It is believed that ozone also helps to clear the air of microscopic 
airborne dust and smoke particles by the process of oxidation. Ozone 
is strongly magnetic and therefore magnetically attracts airborne dust 
and smoke particles. As they collide, bacteria, dust, smoke and fumes 



In air conditioning systems within buildings, any germs introduced 
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and gases are quickly oxidised. In the process, the ozone molecules 
are neutralised or "spent" and divide into an oxya Rn molecule and an 
oxygen atom. The process, therefore, decontaminates the air and leaves 
no other residue or by-product than common oxygen. 

Another use of ozone generators is in food preservation whers the 
ozone cleans the air and kills bacteria and other micro-organisms 
which thereby causes perishable foods to last longer. The ozone 
generators can also be used for prevention of mould and bacteria 
growth in rood processing and storage areas. 

It is believed that the ozone slows the ripening of fruit and 
vegetables by destroying the ethylene gas given off my many fruits 
during the ripening process. The ozone destroys this harmful gas which 
acts as a catalyst to the ripening process and therefore prevents the 
risK or premature ripening cf the fruit and vegetables. 

Ozone generators also find a good use in other applications such as 
for example in hospitals, nursing homes and also in surgeries of 
doctors, dentists and veterinarians as well as in morgues and funeral 
parlors. They may also be used in the pharmaceutical industry for the 
processing and packing of drugs and medicines under more hygienic 
conditions. In the chemical industry ozone generators mav be used to 
neutralise strong chemical fumes and odours. They may also be used to 
deodorise and clear the air in tanneries, paper mills, sewerage works 
and other industries where strong smells and odours are a problem. 
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Ozone generators also find a use in hotels, clubs, restaurants, 
canteens and kitchens to deodorise kitchen and beer odours and to 
clear the air of cigarette smoke. In cinemas and theatres they may be 
used to improve the comfort- and attention span of patrons. Disruptive 
coughing and sneezing is reduced. Ozone generators may be used in 
shcDoing centres, supermarkets and shops. Food spoilage in 
supermarkets is reduced. They may also be used in animal breeding 
houses to keep pigs, poultry, horses, cattle etc. in more hygienic and 
healthier conditions. 

OBJECT _0F THE INVENTION 

It is an object of the present invention to provide an improved ozone 
generator . 

DISCLOSURE OF THE INVENTION^ 

According to one aspect of the present invention there is disclosed 
ozone generating apparatus comprising a housing having a layer or 
dielectric material at leasT: partially covered on either side by an 
inner and an outer layer of electrically conducting material, said 
layers being connectable to a power supply to apply a high voltage 
between said layers which causes a corona discharge through the 
dielectric layer thus converting oxygen to ozone when oxygen in the 
air comes into contact with corona discharge and wherein said inner 
layer is either painted onto said dielectric material or is metal 
deposited directly onto said dielectric layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Some embodiments of the present invention will now be described with 
reference to the drawi ngs in which: 

jjJLi 1 is z front perspective view of a ozone lamp according to the 

preferred embodiment of the present invention; 

£L£ • ? -s a cut away perspective view of the lamp of Fig. 1; 

KA %- 3 is ^ cut away exploded perspective view of a lamp of a second 

embodiment : 

Fi n- 4 is a cut away perspective view of a lamp of a third embodiment; 
lAK^_l is a cut away perspective view of a Lamp of a fourth 
embodiment ; 

liM^Jl is a cut ^ w ^- v perspective view of a lamp of a fifth embodiment; 
lis-_T is a schematic diagram of a plurality of lamps of the preferred 
embodiment connected into a power suppiy circuit. 

is a plan view of an embodiment of a transformer to be used in 
the power supply: and 

F AE:^? is a plan view of a transformer of another embodiment: and 
IA^jl 10 shows views of a transformer of a preferred embodiment. 

BEST MODES FOR CARRYING OUT THE INVENTION 

A preferred embodiment of the present invention is illustrated in Fig. 
1 and 2. A lamp 10 comprises a glass tube 11 having one end 12 domed 
and the other end 13 open. A plug 14 made of plastics material is 
fitted into the open end 13. The glass tube 11 has a painted inside 
surface 15. The surface 15 is painted with a conductive paint and/or 
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ink made from graphite, carbon black, silver, gold, nickel, chrome, 
stainless steel , iron, zinc, tin, aluminium, copper, lead, mercury or 
any other suitable conductive material. A 10 mm margin at the bottom 
of the tube is left unpainted to prevent arcing. Al ter native iy , the 
inside surface 15 can be metal deposited directly onto the glass tube 
11. The tube 11 can alternatively be made of ceramic material or any 
other suitable dielectric. 

It has been found that if the internal conductive surface 15 is a 
graphite or carbon black surface coating, no corrosive action can take 
place and therefore it is not necessary to evacuate the air and till 
the lamps 10 with an inert gas. Therefore, the use of graphite or 
carbon black is a less expensive and long wearing coating for the 
inside lamp surface. The output of ozone lamps using an internal 
graphite or carbon black conductive coating also remains constant 
almost indefinitely and does net diminish with time due to the acsenct 
of corrosion on the critical area of the internal lamp coating. The 
working life of the lamps is therefore extended almost indefinite wit: 
virtually no loss of performance due to the use of a graphite an/or 
carbon black internal lamp coating. The durability of the graphite 
and/or carbon black coating is only limited by the durability of the 
dielectric tube to which the coating is applied. 

Through the centre of the plug 14 is fitted a mounting bolt 15. The 
mounting bolt 16 is connectable to a power supply 70 illustrated in 
Fig. 7. The plug 14 has an external surface 17 which contacts the 



Printed from Mimosa 00/10/09 1(5 59 31 Page 7 



WO 89/00975 




U88/00277 



-6- 



inner surface 15 of the glass tube 11. The external surface 17 of the 
plug 14 is coated or metallised in the same manner as the inside 
surface 15 of the glass tube 11. The surface 15 and 17 therefore make 
electrical contact. The plug 14 is glued into the base of the tube 11 
and/or a circular, spring loaded clip 18 can also be inserted into the 
interior of the glass tube 11. The clip 13 is electrically connected 
to the mounting bolt 16 and acts as an extra contact surface to the 
inside surface 15 of the tube 11. 



A tight fitting, fine stainless steel mesh 19 is fitted over the 
outside surface of the tube 11. The mesh 19 acts as an earth conductor 
as it is connectabie to earth (not illustrated). The size and 
dimensions of the stainless steel mesh 19 play an important part in 
the production of ozone. For the purpose of this invention, the 
desirable dimensions of the mesh openings are up to 5 mm diameter, the 
optimum size being about a 2-3 mm diameter opening for lamps powered 
by a transformer operating at 50-60 cycles and a mesii opening of about 
1-2 mm for lamps powered by a transformer operating at higher 
frequencies. The mesh is preferably made of thin stainless steel wire 
or other non corrosive conductor. It has been found that with mesh of 
these respective opening sizes, the individual corona flares produced 
by the corona discharge are of optimum size. Increasing the respective 
size of the openings does net increase the size of the individual 
corona flares and, in fact, if the mesh size is increased beyond the 
respective optimum size, a lesser amount of ozone may be produced 
because an inactive area opens up in the centre of the mesh opening. 
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This inactive area can be seen in the dark as a dark spot on the 
surface of the lamo. Alternatively, if the mesh size is reduced below 
the respective optimum dimensions then the size cf the individual 
corcna flares is correspondingly reduced in relation to the surface 
generating area of the opening. The smaller the mesh opening, the 
smaller the surface generating area and accordingly the smaller the 
individual corona flares. Furthermore, the greater and stronger the 
individual corona flares, the greater the electrical charge imparted 
into the ozone and the longer the life-span of the individual ozone 
mclecuie. For ozone intended to be used in air conditioning ducting 
systems, the volume of ozone is not as important as the life-span of 
the ozone as mostly the ozone has to travel long distances in the 
ducts before emerging from the vents. It is not desirable for the 
ozone molecules to die enroute in the ducts before reaching their 
destination. One the object of this invention is for sufficient ozone 
molecules to emerge from the vents to continue ozone treatment of the 
whole airspace of tiie premises serviced by the air conditioning 
installation and not just the ducts or section of the ducts. The 
mounting bolt 16 contacts the external surface 17 of the plug 14 to 
make an electrical connection between the mounting bolt 16 and the 
inside surface 15. In operation, a high voltage is applied to the 
mounting bolt 16 thereby charging the inside surface 15 of the tube 
11. The voltage discharges through the dielectric glass or ceramic 
tube 11 to the mesh 19 thus causing a corona discharge. As air passes 
through the corona discharge, the oxygen in the air is ionised thus 
funning ozone. The fine stainless steel mesh 19 can be replaced by a 
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conductive printed grid on the external surface or the glass tube 11. 
The conductive printed grid acts in the same way as the stainless 
steel mesh 19. 

Another embodiment of the present invention is illustrated in Fig. 3 
and comprises a lamp 20 which consists of plastics tube 21 of square 
cross-section. Each of the sides 22 of the tube 21 has a circular hole 
23 passing therethrough. A first glass panel 24 is giued onto each of 
the sides 22. Each of the glass panels 24 has a hole 25 corresponding" 
to. and aligned with, the hole 23 in the plastics tube 21. The tube 21 
has a lid 26 and a plug 27. The plug 27 has a mounting bolt 28 similar- 
to the embodiment illustrated in Figs, i and 2. A path 29 is painted 
on the inside of the tube 21 using a conductive paint similar co those 
described above in relation to the first: embodiment. Alternative iy . a 
metal conductor takes place of the path 29 and connects the mounting 
bolt 23 to the holes 23 and 25. The path 29 passes through the holes 
23 and 24 and onto an annuiar ring 30 situated on the first glass 
panel 24. A second glass panel 31 having one surface 32 metallised is 
giued onto the first glass panel 24. The metallised surface is glued 
onto the first glass panel 24. The metallised surface 32 contacts the 
conducting path 29. A border 33 is around the edges of the second 
glass panel 31 to prevent leakage flux. The metallised surface on the 
second glass panel can alternative iv be painted in a similar manner to 
that described above in relation to the first embodiment of Fig. 1 and 
2. Similarly, to the lamp 10, lamp 20 has a fine stainless steel mesh 
33 which is slipped over the outside of the tube 21 covering the whole 
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length thereof. Once again, the mesh 33 acts as an earth conductor. 
The mesh 33 can be replaced with a printed conductive grid similar to 
the alternative described above. 

A third embodiment of the present invention is illustrated in Fig. 4 
and comprises a lamp AO which consists of tube 41 of low carbon steel 
or aluminium, having a coating 42 made of vitreous enamel or plastics 
material. The steel or aluminium tube 41 is a conductive material and 
the coating 42 of vitreous enamel or plastics is a dielectric 
material . Plastics sheeting can be wrapped around the steel or 
aluminium tube in place of the plastics coating. The preferred types 
of plastics wrap around sheeting are Cellulose Acetate and/or Acrylic. 
One end of the tube 41 is closed with a plastics dome 43 and the other 
end 44 is open. The open end 44 of the tube 41 has a plastics plug 45 
fitted therein. The outside surface 46 of the plastics plug 45 is 
painted with a conductive paint. A mounting bolt 47 passes through the 
plastics plug 45 similar to that of the embodiment, illustrated in Fig. 
1 and 2. A spring loaded clip 43 is located within the tube 41 in a 
similar manner to that of the lamp 10. Once again, a fine stainless 
steel mesh 49 is slipped over the outside of the tube 41 covering the 
coating 42 along the whole length of the tube 41. A voltage applied to 
the mounting bolt 47 and the steel or aluminium tube 41 discharges in 
a corona through the vitreous enamel or plastics coating/sheeting 42. 
The mesh 50 can be replaced with a printed conductive grid similar to 
the alternative described above. 
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Another embodiment of the present invention is illustrated in Fig. 5 
and comprises a lamp 50 which consists of a glass tube 51. One end 52 
of the tube is domed and the other end 53 is open and is fitted with a 
silicone rubber or plastics plug 54. The silicone or plastics plug 54 
is an important feature of the lamp 50 because in other conventional 
gas filled lamps, the glass envelope is heat sealed at both ends and 
if there is any gas pressure loss or other defect, the lamp has to be 
discarded. The silicone or plastics plug 54 can easily be pierced with 
a thin hypodermic needle and the gas in the lamp can be evacuated 
and/or refilled and/or re-pressurised any number of times and thus the 
service life of the lamp may be extended almost indefineteiy at 
minimal cost. With the silicone or plastics plug, the lamp becomes a 
re-usable lamp and the service life of the lamp is limited only by the 
durability cf the dielectric tube. A mounting bolt 55 passes through 
the centre of the silicone or plastics plug 54 and an ignirion 
eiectrode 56 is fitxed to the bolt 55. The plug 54 is sealed in the 
glass tube 51 with the electrode. 56 protruding inside the tube. A 
vacuum is created inside the sealed tube 51 and then one or two drops 
of mercury are injected into the tube 51 , the vacuum therefore 
vaporizes the mercury into a mercury vapour. A tight fitting fine 
stainless steel mesh 51 is slipped over the outside of the tube 51 
forming an earth conductor. A fine printed conductive grid can be 
substituted for the mesh, as described above. In use, a high volrage 
is conducted via the mounting bolt 55 to the electrode 56 which 
ionises the mercury vapour. The ionised vapour inside the tube 51 
provides that the inside of the tube 51 has a voltage potential 
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therebv a corona discharges through the dielectric glass tube 51 to 
the earth conductor. Once again, the tube can be made of ceramic 
material. Alternatively, the tube 51 can be filled with an inert gas 



the voltage potential. The ionised gas conducts the electrical 
current, producing a voltage potential inside the tube 51 similar to 
that of the mercury vapour. 



and comprises a lamp 60 which consists of a gi&ss or ceramic tube 61. 
Both ends of the tube 61 are open and has plastics plug 62 and 63 
inserted therein. In the plug 63, a mounting bolt 69 is fitted through 
the centre thereof. A path 64 of conductive paint is painted on the 
inside of the tube 61 to two holes 65 located on the sides of the tube 
61. Alternatively, metal strips or other conductors can be used. The 
path 6^ of conductive paint is electrically connected to the interior 
surface of two curved glass panels 66 which are fitted around the tube 
61. The interior surface has been metallised or painted similar to the 
embodiment illustrated in Fig. 3. A conductive grid is printed onto 
the outer surface of the panels 66. An imprinted margin of about 5 ram 
is left around the edge of each circuit panel to prevent leakage flux. 
The grid 67 is connectable to the earth conductor. The lamp 60 is 
operated in a similar manner to those of the other embodiments of the 
invention . 



such as h'euu, Argon, Pre on cr 




whi c 



h is ionised b v 



.Another embodiment of the present invention is illustrated in Fig. 6 
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As illustrated in Fig. 7, the laraps 10 of the first embodiment are 
screw mounted to a power supply unit 70. The power supply unit 70 
includes a high voltage AC transformer or high voltage pulsed D.C. 
power supply unit 71, connected to a 120 and/or 220 and/or 2^0 volt AC 
mains power supply, an on/off switch 72, a fuse holder and/or circuit 
breaker 73 and a pilot light 74. The active A , the neutral N" and earth 
E are indicated in Fig. 7. The high voltage output 75 of the 
transformer 7L is connected to the mounting bolts 16 of the laraps 10. 
In operation, the lamps of the various embodiments are attached to the 
power supply unit 70 and when the unit 70 is switched on, a corona 
discharge is produced on the outside surface of the lamps 10 thus 
ionising oxygen into ozone . 

It has been found that with conventional ozone lamps, nitric oxide is 
usual ly produced as a contaminant in association with ozone at a 
threshold of 3000 volts. In the lamps of the present invention this 
tnreshold has been overcome due to the combination of the design of 
the lamps and the design of the transformer and therefore voltage 
restrictions no longer apply. The voltage applied and the intensity of 
the corona discharge achieved and the amount of ozone produced by the 
lamps of the various embodiments is only limited by the dielectric 
strength (breakdown voltage) of the dielectric material of the Lamps. 
Due to the higher and unrestricted voltages being able to be aonlied, 
a greater amount of "clean" uncontaminated ozone is able to be 
produced by the lamps of the present invention. 
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Kxcept for the mercury vapour diid gas filled lamps of the fourtn 



embodiment: and illustrated in Fig. 5, no conventional ignition 
electrodes and no starters are required. 

Most types of conventional transformers have a common purpose in that 
they are designed to be used with a resistive load. These transformers 
perform very well with a resistive load and if the sinewave is viewed 
on an oscilloscope, the sinewave will be seen to be clean and 
undistorted. However, if the same transformer is subjected to a purely 
capacitive load, the sinewave will be seen to change and reveal spikes 
and distortions. The lamps of the various embodiments have the same 
basic characteristics as a capacitor and therefore in operation the 
lamps behave same as a capacitor. 

This anomaly is particularly evident in conventional high voltage 
leakage reactance transformers with a magnetic shunt which is the most 
common type of high voltage transformer used. The reason for the 
popularity of shunted leakage reactance transformers is that the 
magnetic shunt and built-in current limiting prevents the transformer 
from burning out in the event of a short circuit. Ail other types of 
transformer don't have this built-in short circuit protection. In high 
voltage applications; out of necessity, only transformers with a 
magnetic shunt and built-in current limiting are commonly used because 
the higher the voltage, the greater the risk of arcing and/or short 
circuiting becomes. Furthermore, if a capacitive load is connected to 
a transformer, the voltage rises above the rated voltage and thus 
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further increases the risk of arcing. With a resistive load, the 
voltage does not increase. 

It is obvious that conventional transformers and in particular shunted 
leakage reactance transformers have an inherent design malfunction 
under a capacitive load. 

It has been found that ozone is produced by the free, unhindered and 
uninterrupted peak to peak oscillation of the current. The greater the 
peak to peak oscillations, the higher the voltage and current and the 
greater the production of ozone. If there are any interruptions, 
distortions and/or interference in the free peak to peak oscillation 
of the waveform then the ozone production is accordingly impaired ana 
as a substitute nitric oxide contamination is increasingly produced. 

The problem with conventional shunted leakage reactance transformers 
is in the design of the magnetic shunt and current limiting. If a 
capacitive load is connected to the high voltage transformer, leakage 
flux fringes between the magnetic shunt and the core and/or between 
the coils and the core. This leakage flux produces spikes and 
distortions which hinder the free peak to peak oscillation of the 
waveform. The greater the interference, the greater the impairment of 
ozone production. The problem is solved by inserting insulation 
between the magnetic shunt and the core and also by inserting extra 
insulation material between the coils and the core because leakage 
flux can also occur there. Alternatively, should the extra insulation 
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te inoflective then the gap between the coils and the core will "nave 
to be increased. Any interference in the running of the high voltage 



a capacitive load. 

Conventional high voltage transformers are nut satisfactory for use 
uith the present invention because: 

('-3; with a normal transformer (without a magnetic shunt) if arcing cr 
a short circuit occurs, the transformer will burn out. As short 
circuit protection, a circuit breaker and/or fuse and/or c\im>:\i- 
limiting device therefore has to be added to tins type of transformer 
(b) a leakage reactance transformer with a magnetic shunt and current 
limiting, whilst providing short circuit protection, is also 
unsatisfactory because that type of transformer produces spikes and 
distortions to the voltage and current caused by Leakage flux fringin 
between the magnetic shunt and the core and between the coils ana the 
core. These spikes and aistortions in the high voltage waveform put 
considerable e:rtra stress on the dielectric material and are the caus 
of a reduced ozone output and also cause the production of nitric 
oxide contamination. Therefore, conventional leakage reactance 
transformers with a magnetic shunt have an inherent handicap in that 
they produce interference to the free peak to peak oscillation of the 
high voltage waveform and thus accordingly impair the production of 
ozone and at the same time cause nitric oxide contamination. 



transformer is thus stoppt; 



jd, irrespective whether it is a resistive o 
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The high voltage transformers to be used with the present invention 
therefore are of a special design. The overriding requirement being 
that the transformers produce a pure and undisrorted smewave under 
operating conditions with a capacitive load. The sinewave produced 
must be either a pure sinusoidal waveform or a pure square waveform or 
a pure pulsating waveform in either A.C. or D.C. current. 

Tyve 1 is a normal 50-60 cycles (low frequency) high vol rage A.C. 
transformer without a magnetic shunt. As short circuit protection, a 
circuit breaker and/or fuse and/or current limiting device is added to 
the transformer. 

Type 2 (Fig. 8-10) is a normal 50-60 cycles (low frequency) hign 
voltage A.C. leakage reactance transformer with a magnetic shunt and 
bui it-in current limiting. The problem of fringing of leakage flux is 
solved by inserting insulation between the magnetic shunt and the core 
and also by inserting extra insulating material between the coils and 
the core to prevent any leakage flux from occurring there. Should the 
extra insulation prove ineffective then alternatively the gap between 
the coils and the stack will have to be increased. With this 
modification, the transformer does not produce any more interference 
in the form of spikes and distortions to the sinewave of the high 
voltage output. If viewed on an oscilloscope, the sinewave of the 
modified transformer under operating conditions with a capacitive load 
now looks pure and undistorted. With this special modification to the 
transformer, the extra stress on the dielectric has been removed and 
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the lamps are able to operate at extremely low temperature and higher 
voltage. The combination of the higher working voltage and amperag" 
and the free and unhindered peak to peak oscillations of the waveform 
can result in up to several times the amount of ozone output over that 
able to be produced with the same transformer without these 
modifications. 

Tyj>e_3 is a high frequency, high voltage power supply unit. It has 

been found that the higher the operating frequency of the transformer.. 

the higher the working voltage the lamps are able to operate at and 

the higher the amperage and volume of ozone produced. The frequency 

could be anyimere from 50-60 cycles (hz) to several million cycles 

(hz). With a high frequency transformer, the working voltage can be 

anything from several hundred volts to several million volts. Given a 

high frequency, high voltage power source, the voltage applied and the 

discharge amperage achieved by the lamps of the various embooiraents is 

only limited by the dielectric strength (breakdown voltage) of the 

dielectric material of the lamps and is dependent on the frequency to 

voltage relationship of the power source. The higher the voltage 

applied, the higher the frequency must be. It has been found that 

there is a relationship between a given voltage and frequency. It is 

apparent that as the frequency of the source voltage increases, 

capacitive reactance decreases and current increases 

, v / „ , T - — ^ )• For examule, at 50 cycles 

( = IrrfC and lc " Xc 

(Hz), the operating voltage of the lamps is about 5000 volts, however 
the same lamos at an operating frequency of 50CO cycles (Hz), are abl 
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tu operate at a voltage of up to 15,000 volts. The ozone output of the 
Lamps of the various embodiments with a high frequency, high voltage, 
transformer can be up to many times higher than with a conventional 
transformer, provided the sinewaveof the high frequency, high voltage 
transformer under operating conditions with a capacitive load is pure 
and undisrorted . 

In order to produce a pure and undistorted sinewave under operating 
conditions with the lamps of the various embodiments, the high 
frequency, high vol rage power supply unit to be used with rhe present 
invention can incorporate a step-down transformer and /or a current 
rectifier, a frequency regularor/modulator and a voltage booster 
transformer. 

The basic principle in the preferred configuration of a high 
frequency, hign voltage power supply unit is CD to convert the 50—50 
cycles mains A.C. power supply to a D.C. current by using a step-down 
tr ans former and /or a current rectifier. Xz this point a fuse and/cr 
circuit breaker and/or current limiting device can be added to the 
circuit. (II) The D.C. current can then be pulsed using a frequency 
regulator/modulator to produce any desired frequency. (Ill) The output 
vcltage of the D.C. waveform is then boosted by a voltage booster 
transformer to any desired voLtage. 

Other types of transformer that can be used in the configuration of a 
high frequency, high voltage power supply unit can be either: 

I 
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(t) a leakage reactance transrormer with a magnetic shunt and current 
limiting similar to Type 2 described above. 

{h) , transferor with or without a magnetic shunt, with or without an 
added circuit breaker and/or fuse and/or current limiting device. Ihe 
transformer can be either a toroidal transformer, rerro resonant 
transformer, induction coil transformer with or without a spark gap, 
ignition coil transformer with or without a spark gap, tesla ooii 
transformer with or without a spark gap or anv other type of 
transformer provided the transformer produces a pure and undistorted 
sir.Bwave under a capacirive load. 



Illustrated in Fig. 8 is one embodiment of a transformer 81 to be used 
with the ozone generator of the present invention. The transformer 81 
comprises an iron core 82 with a primary winding 32 and secondary 
winding 84 wound on the middle leg of the core 82. Any exposed section 
of the core 32, between the primary coil 83 and secondary coil 84 is 
insulated on all four sides to prevent fringing of magnetic fiu:c 
between the core 82 and the magnetic shunt/current limiting stack 37. 
Brackets 86 to hold the transformer together are located at the edges 
of the transformer core. Two magnetic shunts/current limiting stacks 
97 are placed on opposed sides of the centre leg of the core B2 . The 
magnetic shunt/current limiting stacks 87 prevent overloading and 
destruction of the transformer in the event of a short-circuit. 



Another embodiment of the transformer 91 is illustrated in Fig. 9. The 
transformer 91 comprises a core 92 and magnetic shunt/current limiting 
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stack 97 with the primary winding 93 and secondary winding 94 being 
wound on the outside legs of the three legged core 92. Insulation 95 
is located next to the windings 93 and 94 to prevent fringing of 
magnetic flux. Further insulation 96 is placed at both ends of the 
magnetic shunt/current limiting stack 97 to prevent fringing of 
leakage flux between the current limiting stack 97 and the core 92. 

Yet another embodiment of a high tension transformer is shown in Fig. 
10. This transformer comprises a two legged core (c-core) 100 with the 
primary ceil 101 and the secondary coil 102 wound on the same leg. The 
primary coil is approximately 25 ram in width and the secondary coil is 
approximately 60 mm in width. A magnetic shunt/ current limiting stack 
103 connects between the two core legs as shown. The magnetic 
shunt/current limiting stack 103 is approximately 5 mm wide. A 5 mm 
wide air gap 1G4 separates the primary coil 101 from the bobbin 105 of 
the secondary coil 102. The seccadar/ coil 102 is wound on the bobbin 
105 so as to leave a 10 mm margin 106 clear of windings on both sides 
of the bobbin 105. The 10 mm margin 106 is necessary to prevent arcing 
and/or fringing of magnetic flux on the sides of the coii and is a 
preferred and essential feature of all transformers to be used with 
the present invention. The overall outside dimensions of the 
transformer are 130 ram by 60 mm by 80 ram with the primary and 
secondary coils extending proud of the 80 mm dimension by 
approximatei y a further 20 mm. The transformer provides an output of 
approximately 5000 VAC RMS 50 Hz at max. 10 mA on the secondary coil 
given a 240 VAC 50 Hz mains supply to the primary coii. The exposed 
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pcrtion of the cere 100 between the primary coi: 101 and the secondary 
ceil 102 is insulated on all four sides to prevent fringing of leakage 
flux mainly between the magnetic shunt 103 and the exposed section of 
core 100. 

The transformers to be used with the present invention can be 
encapsulated with epoxy or similar substance fcr moisture protection 
and safety. 

The foregoing describes only seme embodiments of the present 
invention, and modifications obvious to those skilled in the art can 
be made thereto without departing from the scope of the present 
invention . 

For exampie. the above mentioned transformer types can have the 
construction as described above and be adapted ^o be usee with a D.C. 
power source to provide a pulsed B.C. output due to the control or the 
input. The pulsed D.C. output is another way of obtaining a peak to 
peak output voltage of the desired sine wave shape. 
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CLAIMS 



OZONE GENERATING APPARATUS 



1. Ozone generating apparatus comprising a housing having a layer 
of dielectric material at least partially covered on either side by an 
inner and an outer layer of electrically conducting material, said layers 
being connectable to a power supply to apply a high voltage between said 
layers which causes a corona discharge through the dielectric layer thus 
converting oxygen to ozone when oxygen in the air comes into contact with 
corona discharge and wherein said inner layer is either painted onto said 
dielectric material or is metal deposited directly onto said dielectric 
layer. 

2. The apparatus of claim 1, wherein said inner layer comprises 
conductive paint made from either graphite or carbon black. 

3. The apparatus of claim 1, wherein said inner layer comprises 
conductive paint made from one of silver, gold, nickel, chrome, stainless 
steel, iron, -zinc, tin, aluminium, copper, 1 ead, mercury . 

4. Apparatus as claimed in claims 1-3, wherein the layer of 
dielectric material is a thin walled glass or ceramic tube having one open 
end, the tube having an inside surface coated with said inner layer of 
conducting material and having a grid-like pattern forming said outer layer 
of conductive material, an insulated mounting means being inserted into 
said open end of said tube, wherein said mounting means having an 
electrical contact electrically connected to said inner layer of conducting 
material and to said high voltage power supply. 

5. Apparatus as claimed in claim 4, wherein said electrode further 
comprises an auxiliary connection from said mounting means to said inner 
layer of conducting material. ■ 

6. Apparatus as claimed in claims 1-3, wherein said inner and outer 
layer of conducting material and said dielectric layer are located on a 
tube of insulating material, said inner layer is coated onto inside said 
dielectric layer and said outer layer comprises a grid-like pattern on 
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OUtS«de cf saic celectri^yer, ^aic layers at least part i drry covering 
said tube, an Insulating mounting means located within one end of said tube 
and having an electrical contact connected to said inner layer by a 
conductive path, whereby said electrode is connectable to said high voltage 
power suppl y . 

7. Apparatus as claimed in claim 6, wherein said tube has a square 
cross section and said inner layer anc said dielectric layers are located 
in separate segments, each oeing on one of the sides of said tube, said 
outer layer at least partially covering said dielectric layer. 

8. Apparatus as claimed in claim 6, wherein said tube has a 
circular cross section and said outer layer is in two separate segments 
surrounding said dielectric layer. 

9. Apparatus as claimed in claim 1, wherein said inner layer 
comprises a metal tube and said dielectric layer is acoating of vitreous 
enamel or plastics and/or wrap around plastics sneering on the outside of 
said tube, said outer layer comprises a grid-like pattern or mesh covering 
outside of said enamel or plastics coating/sheeting, an insulated mounting 
means located within one end of said tube and having an electrode connected 
to said tube and to said high voltage power supply. 

10. Apparatus as claimed in claim 1, wherein said dielectric layer 
comprises a glass or ceramic tube having one open end and said outer layer 
comprises a grid-like pattern on outside of said tube, and said inner layer 
comprises a mercury vapour, sodium vapour, neon gas, argon gas or freon gas 
or any other conductive inert gas which 1s connected to an electrode which 
is part of a mounting means which fits into the open end of said tube, said 
electrode being connected to said high voltage power supply. 

11. Apparatus of any one of claims 2-9, wherein the internal 
dimensions of each grid of said grid mesh 1s in the range of 2-3 mm 
diameter when said high voltage power supply operates at a frequency of 
50-60 Hz and in the size range cf 1-2 mm diameter when the high voltage 
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power supply operates at higher frequencies. 

12. The apparatus of any preceding claim including a high voltage 
transformer, the high voltage output of which is connected to said ozone 
generating apparatus, said transformer producing either a pure sinusoidal 
sinewave or a pure sauare waveform or a pure pulsating waveform under 
ope rati ng condi tions . 

13. The apparatus of claim 12, wherein said transformer is a leakage 
reactance transformer with a magnetic shunt thereby incorporating inherent 
current limiting and providing a pure sinusoidal waveform under operating 
condi tions . 

14. The apparatus of claim 13, wherein said transformer incorporates 
insulation between the magnetic shunt and the core and also incorporates 
extra insulation material between the coils of the transformer and the core 
to prevent fringing of leakage flux. 

15. The apparatus of either claim 13 or 14, wherein in addition or 
alternatively an enlarged air gap is left between the coils of the 
transformer and the core to prevent fringing of leakage flux. 

16. Apparatus of any one of claims 12-15, wherein the secondary coil 
of the transformer has a margin of up to 10 mm on either or both sides 
clear of any windings to prevent fringing of leakage flux on the sides of 
the coil. 

17. Apparatus of any one of claims 12-16, wherein the high voltage 
power supply operates at frequencies of either 50-60 Hz or higher 
frequencies and providing a pure sinusoidal waveform or pure square 
waveform or pure pulsating waveform under operating conditions. 
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